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Introduction
This paper examines the effects of labor income taxation on parental time allocation in an overlapping generations (OLG) model in which child care (i.e. parental time and day care services) matters for human capital accumulation. In their choice to devote time to children, parents can be motivated by warm glow or by full altruism.
There is a large policy debate on how to increase employment and the number of hours worked. In some countries this issue is particularly critical if one focuses on female labor force participation. Changes to tax policy are often considered an effective tool to increase labor supply (see Prescott 2004 , Ohanian et al. 2008 , Berger and Heylen 2011 . At the same time, there are concerns on the impact that a higher labor force participation may have on the time allocated to children. Recent research analyses the relationship between parental time and the accumulation of human capital. For example, Del Boca et al. (forthcoming) stress that parental time is more important for the cognitive development of children than money expenditure. Bernal and Keane (2010, 2011) find that, on average, the substitution of maternal time with other sources of care produces negative and rather sizable effects on children's skills, especially in contexts where high quality day care institutions are absent.
1 The Europe 2020 strategy has forcefully highlighted the importance of the availability of quality day care services not just as a tool which is a complement to parental labor, but as a mean to develop future cohorts' human capital and to promote equality of opportunities.
In this paper we investigate whether an increase in labor supply brought about by a reduction in taxes is always associated with a reduction in parental time devoted to children, as it is implicitly assumed in the literature.
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We develop a three-period OLG endogenous growth model. Agents are altruistic and live for three periods: childhood, parenthood and retirement. In the first period, the child only receives care. In the second period, she has one child and she determines how much to consume and save and how much time to devote to labor, leisure and her child. The child requires a certain care time; that is, the time not supplied by the parent is covered by non-parental time, e.g. day care services which the parent buys on the market. Thus, an increase of one unit of parental time is always matched by a reduction of one unit of non-parental time. Child care arrangements, that is the combination of parental and non-parental time, influence the human capital accumulation process. In the third period, the agent retires and consumes part of her income. We consider two set-ups: in the first one, altruism is of the warm glow type and the parent cares directly about the level of human capital of the child. In the 1 Baker et al. (2008) draw similar conclusions. See also Bernal (2008) . Havnes and Mogstad (2010) show that the focus on the mean impact of day care services on child development can also mask important differences along the earnings distribution. The effects are positive and sizable below the median of the earnings distribution.
2 Notice that our focus is on purely distortionary taxation. Prior research has examined public subsidies to day care (e.g. Domeij and Klein (2013) and Blomquist et al. (2010) ) but has not accounted for the role of child care on human capital accumulation. second one, the parent is fully altruistic and her utility depends on the utility of the child.
We show that the relationship between taxation and parental time critically depends on the assumption on parental altruism. If parents care about their children out of warm glow, we demonstrate that, lowering the tax rate, parental time devoted to children goes down. This happens because the opportunity cost of parental time provided to children increases when taxation declines. If parental time has a positive impact on the quality of the early childhood environment, an increase in labor supply brought about by a reduction in taxation comes at the cost of a lower human capital accumulation.
If parents care about the utility of their children because they are fully altruistic, we show that lowering taxation has an ambiguous impact on parental time and we identify a threshold level of the elasticity of labor supply at which the sign of the effect of taxation on parental time changes. In contrast to the case in which parents are warm-glow altruistic, in the presence of full altruism it may happen that a reduction in taxes increases both labor supply and parental time devoted to children. This negative relationship between taxation and parental time can be explained as follows: when taxation goes down, the returns to parental investment in children's human capital are higher because children will work more. The more elastic the response of labor supply is to changes in taxation, the more likely it is that the higher returns offset the increase in the opportunity cost of parental time. If parental time has a positive impact on the quality of the early childhood environment, a reduction in taxation may not only raise labor supply but also foster human capital accumulation via the increase in parental time devoted to children.
Other papers study the role of taxation on the allocation of time -see for instance Ragan (2013) and Rogerson (2007) . In these papers agents can devote time to market work, leisure and home production. The latter is interpreted as child care, which however is not included in the process of human capital accumulation. In these set-ups the relationship between labor taxation and time devoted to home production/child care is found to be positive. In our paper we show that including child care in the process of skill formation does not change the positive sign of the relationship between taxation and time allocation only if parents are motivated by warm glow altruism.
3 If they are on the contrary fully altruistic, the sign of the relationship between taxation and the allocation of time to children may become negative.
The paper is organized as follows: in Section 2 we describe the model's building blocks and in Section 3 we discuss the impact of taxation on time allocation comparing a model in which altruism is warm glow with a model in which there is full altruism. Section 4 concludes.
Basic Set-up
We develop an OLG model with intragenerational homogeneity and endogenous growth driven by human capital accumulation. Agents have perfect foresight about future variables and are altruistic. They live for three periods -childhood, parenthood and retirement-and have one child in the second period of life. The population is constant, and the size of each generation is equal to N .
In the first period, the agent receives child care. In the second period she has one child and decides how much to consume and save and how much time to devote to labor, leisure and the child. The child requires a given care time: the time not supplied by the parent is covered by non-parental time (e.g. day care services) that the parent buys on the market. In the third period, the agent retires and consumes her income.
Production
In each period, output Y t of a physical good evolves from using capital and labor measured in efficiency units:
where K t is the capital stock; L y t = N l y t h t is the aggregate labor supply in efficiency units in sector y producing the physical good, with l y t indicating the individual labor supply to this sector and h t the individual human capital. The share of capital income in output is 0 < δ < 1. The physical good can be used for consumption and for investment in physical capital; we choose it as the numeraire.
Non-parental care is derived from using a constant return to scale technology, which employs only labor as input. Because teachers can oversee more than one child at the same time, we follow Lundholm and Ohlsson (1998) and assume that one hour of work in the day care sector produces χ > 1 hours of non-parental care.
We assume perfect labor mobility, which guarantees that the wages equalize across the sector producing the physical good and the sector producing nonparental care; thus, there is only one wage per efficiency unit w t . Moreover, the zero profit condition implied by perfect competition indicates that the price per hour of non-parental care is w t h t /χ.
Preferences
The following utility function describes preferences of an agent born in period t − 1:
where c m t and c o t+1 denote consumption during parenthood/middle age and retirement/old age, respectively (no consumption takes place during childhood); z t stands for leisure time and κ ≤ 1; h t+1 is the human capital of the child born at time t and U t+1 indicates her utility; β and θ are non-negative parameters determining the weight of leisure and consumption during old age, respectively; γ wg is the weight of the human capital of the child and γ f a is the weight of her utility. We consider two alternative environments: the utility function (2) incorporates warm-glow altruism when γ wg > 0 and γ f a = 0, whereas it incorporates full altruism when γ wg = 0 and γ f a > 0.
Human capital production function
We assume that human capital h t+1 linearly depends on the quality of the early childhood environment x t :
where q > 0. This is the simplest way to formalize the idea that the early childhood environment matters for human capital accumulation.
4
Child care and the quality of the early childhood environment A child requires an exogenous constant care time a, which can be covered either by parental time n t or by non-parental time d t . That is:
Child care (both parental time and non-parental time) produces the quality of the early childhood environment x t according to the following technology:
The quality of the early childhood environment is a function of parental and non-parental time in efficiency unit. 5 The parameter 0 < σ < 1 determines the weight of non-parental time in the production of the quality of the early childhood environment. The parameter ν governs the elasticity of substitution between d t h t and n t h t , ζ ν = 1/(1 − ν), and determines how easy it is to substitute parental with non-parental time. We assume ν < 1 and focus on the case of imperfect substitutability between parental and non-parental time. The production function (5) captures the idea that though parents and non-parental care givers have the same level of human capital, the value of being alone with a parent differs from the value of being in a group of peers under teachers' supervision. Therefore, the productivity of parental and non-parental time also differ. For example, the productivity of non-parental time is influenced by the educational content of day care services, which depends not only on the level of human capital of non-parental care givers but also on how a day care center is organized and on its educational policies.
Government budget constraint
The government budget constraint at t is the following:
where τ is the tax rate on labor income, l t = l d t + l y t is the total number of hours each person works both as an employee in the day care sector (l d t ) and as an employee in the final good sector (l y t ), and T t is the lump-sum transfer paid back to agents. We take the tax rate τ as the exogenous policy variable, and we endogenously determine the lump-sum transfer T t to fulfil the budget constraint.
Following some of the existing literature (e.g. King and Rebelo (1990) , Stokey and Rebelo (1995) , Ihori (2001)), we assume that tax proceeds are returned to the same individual as lump-sum transfers; this assumption allows to isolate the substitution effect of the tax, because the income effect is canceled out; it also allows to separate the effects of taxation from those of government expenditure.
Individual budget constraints
The time and budget constraints are as follows:
where s t denotes savings. Equation (7) indicates that during parenthood, agents have one unit of time to devote to labor supply, leisure and parental time with the child. Equation (8) is the budget constraint during parenthood: net earnings plus the lump-sum transfer received can be allocated to consumption, savings, and the purchase of non-parental time. Equation (9) is the budget constraint during retirement: the income of the second period, which is given by savings plus the interests earned on them, goes to consumption.
First-order conditions
Firm's optimization problem In the final good sector, we assume full depreciation of capital. Profit maximizing behavior of the competitive firms implies the following conditions:
(10)
which are standard. Equation (10) states that one plus the interest rate r t+1 is equal to the marginal productivity of capital. Equation (11) requires that the wage per efficiency unit w t+1 is equal to the marginal productivity of aggregate labor in efficiency units. Consumers' optimization problem Agents choose parental time n t , labor supply l t and savings s t to maximize the utility function (2), subject to the time constraints (4) and (7), the budget constraints (8) and (9), the production function of the quality of the early childhood environment (5), and the technology of skill formation (3).
The first-order conditions for an interior solution on the choices of s t , l t , and n t can be written as follows:
where
The first-order conditions for savings and labor supply are standard. Equation (12) requires that the marginal rate of substitution between consumption during parenthood and retirement is equal to one plus the interest rate. Equation (13) requires that the marginal rate of substitution between consumption during parenthood and leisure is equal to the net wage. Equation (14) reflects the choice of parental time. Parental time affects utility both through consumption and the quality of the early childhood environment. The impact of a change in parental time n t on the utility from consumption appears on the left-hand side of equation (14), where 1/c m t+1 is the marginal utility of consumption and w t h t [(1 − τ ) − 1/χ] is the change in consumption. The change in consumption delivered by one additional unit of parental time is given by the net forgone wages w t h t (1 − τ ), (i.e. the price of parental time), less the price of non-parental care w t h t /χ. The right-hand side of equation (14) measures the effect of a change in parental time n t on utility through human capital. In the case of warm glow the right hand side reduces to dxt dnt 1 xt γ wg . In the case of full altruism the right hand side is equal to
We point out that, at an interior solution, if
, which means that a marginal increase in parental time devoted to children improves (worsens) the quality of early childhood environments. As long as the cost of child care in terms of foregone earnings is higher than the cost of child care bought on the market (w t h t [(1 − τ ) − 1/χ] > 0), a parent is willing to spend time with the child only if this is beneficial for the human capital of the child herself ( 
Equilibrium
An intertemporal equilibrium is defined as a vector of quantities l
o t , h t , x t , K t , T t } and of prices {w t , r t } such that the following equations are satisfied: the first order conditions for consumers (12)- (14) and for firms (10) and (11); the time constraints (4) and (7); the budget constraints (8) and (9) for consumers; the budget constraint for the government (6) and the capital market equilibrium condition
We focus on a balanced growth path along which l
The effects of taxation on time allocation
In this section we analyze how in equilibrium changes to taxation affect time devoted to labor and child care, distinguishing between a set-up with warm glow and one in which parents are fully altruistic towards their children. We can state the following propositions. 
Proof. See Appendix A.
A reduction in taxation increases the net wage, thereby pushing the labor supply up. As the increase in the net wage raises the opportunity cost of parental time provided to children, parents supply less of it: as a result, a higher labor supply is combined with a lower parental time with children. 
where is the uncompensated elasticity of labor supply with respect to the net wage and¯ is the threshold level of such elasticity below which the relationship between parental time and the tax rate is positive.
Proof. See Appendix A.
As in the case of warm glow, a reduction in the tax rate increases the labor supply. Furthermore it raises the opportunity cost of parental time, i.e. the left hand side of equation (14). Besides this change, under full altruism there is an additional effect to take into account, which depends on the presence of τ and l on the right hand side of equation (14): the return to parental investment in children's human capital, which is positive when (1 − τ − 1/χ) > 0, is higher when taxation is lower because children will work more and will receive higher net wages; these higher returns may offset the increase in the opportunity cost of parental time, and thus the impact of taxation on time devoted to children has an ambiguous sign. The strength of the reaction of the children's labor supply to changes in taxation is critical to assess the overall impact of taxation on parental time. When the uncompensated elasticity of labor supply is high enough, a higher labor supply brought about by a decrease in taxation is combined with higher parental time with children, i.e. ∂n ∂τ < 0. Changes in labor supply are absorbed by changes in leisure rather than by changes in parental time with children. Note that the value of the threshold¯ for the elasticity of labor supply depends negatively on the parameter χ and positively on the policy variable τ .
We close this section by offering a numerical example to illustrate the effect of labor taxation on parental time allocation under warm-glow and under full altruism. The starting point is the identification of the threshold value¯ ≡ 1 χ(1−τ −1/χ) of the uncompensated elasticity of labor supply. With regard to the choice of τ , we use the average of the implicit tax rates 6 on labor income for a group of European countries 7 and set the policy parameter τ to 39%. We choose the productivity parameter of the day care sector χ equal to 5. This implies a ratio of the price of one hour of non-parental time wh t+1 /χ to the wage per hour of work wh t+1 equal to 20%. Note that these values of the tax rate τ and of the productivity parameter of the day care sector χ are such that 1 − τ − 1 χ > 0, which is required for Proposition 1 and 2 to hold. The value of the threshold level of the uncompensated wage elasticity of labor supply we obtain is¯ = 0.488: above this value, a reduction in taxation increases parental time with children under full altruism.
8 We then choose the parameter κ in the utility function (2) to obtain different values for uncompensated wage elasticity of labor supply.
9 For each of these values, we compute the elasticity of parental time devoted to children with respect to changes in the net wage induced by a variation of the tax rate on labor income. Table 1 shows the results under the assumptions of warm-glow altruism and full altruism and it is an illustration of Propositions 1 and 2.
6 The implicit tax rate is an average effective tax burden indicator that also includes social security contributions. We choose such a comprehensive indicator because the distortionary effects of taxation on time allocation depend on the overall tax burden. The choice of an indicator capturing the average tax burden is consistent with a homogeneous agent model and with the proportional tax schedule we assume herein.
7 The countries we consider are: Belgium, Finland, France, Germany, Italy, Norway, Spain, Sweden and the United Kingdom.
8 The selection of a "realistic" value for the uncompensated wage elasticity of labor supply is not straightforward in an aggregate model with a representative agent. Microeconometric estimates provide low values for this elasticity. However, prior research has also stressed that macro elasticities and micro elasticities need not be the same and the former can be much higher than the latter. For a survey on the reconciliation of micro and macro labor supply elasticities see Keane and Rogerson (2012) .
9 For the details of the parameterization and of the calibration, see Appendix B.
9 Under warm-glow altruism, parental time devoted to children always drops following a rise in the net wage, irrespective of the value of the uncompensated wage elasticity of labor supply. The value of the latter is, on the contrary, important to determine the sign of the wage elasticity of parental time in the presence of full altruism.
As concluding remark we point out that in the paper we focus only on intergenerational time transfers rather than on monetary transfers, that is bequests. We also performed a numerical simulation which includes bequests and we found that results are unaffected.
Conclusions
In this paper we investigate how changes in taxation influence parental time devoted to children in a model in which child care affects the human capital accumulation process. We show that the relationship between taxation and parental time critically depends on the assumption on parental altruism. We reckon that investigating both motives is important since, to the best of our knowledge, no direct empirical test exists on the type of altruism involved in parental decision to devote time to children. If parents care about their children out of warm glow, lowering the tax rate, reduces parental time devoted to children. If parents care about the utility of their children because they are fully altruistic, we show that a lower taxation may go together with higher parental time devoted to children. This happens when the uncompensated elasticity of labor supply is above a certain threshold. The value of the latter depends on a policy variable, i.e. the tax rate, which may differ across countries, and on the productivity of the day-care sector, which also can be country-specific. The analysis of this paper helps identifying conditions subject to which some countries may experience an increase in the labor supply and in parental time with children following a reduction in labor taxation, whereas some others may face a trade-off.
research (e.g. Juster (1985) ; Cardia and Ng (2003) ; Ragan (2013)), we assume that non-personal time available for discretionary use amounts to 100 hours per week. Average data from the Harmonized European Time Use Survey (HETUS) 11 indicate that 32% of the time endowment is devoted to work and 6% is devoted to parental care.
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As to the parameter ν which governs the elasticity of substitution between d t h t and n t h t , ζ ν = 1/(1 − ν), see equation (5), we know the existing estimates that refer to the elasticity of substitution between inputs in the production of the general category of home-produced goods. For example, in their estimates, Aguiar and Hurst (2007) suggest a value of ν = 0.6. We use this value, although we are aware that this estimate pertains to a large set of home-produced goods and not just to the quality of child care. To the best of our knowledge, direct estimates of the elasticity of substitution between non-parental time and parental time in the production of the quality of the early childhood environment are not available.
The intertemporal discount factor θ is chosen in order to have a ratio of gross savings to GDP equal to 0.23. We choose δ, which is the share of capital income in national product, equal to 0.33. We choose the parameter q of the human capital production function to obtain an annual growth rate of GDP per capita ((1 + g) 1 25 − 1) equal to 2% which is the average value for the set of countries we consider.
11 The countries we consider are reported in footnote 7. Data refer to people in the 25-50 age group, which corresponds in our three-period OLG model to the second period of life. The period we consider is 1999-2004. This is the reference period for all the average data we use in the calibration.
12 Two issues are important in interpreting these data. First, we define parental time as the sum of the minutes registered as devoted to primary and secondary child care. Second, we define leisure as a residual category; that is, it is the time not spent either working or doing primary and secondary child care: thus, it is not a measure of leisure only because it also includes, for example, housework.
